Instrumental (operant) behavior Law of effect Reinforcement Penalty Gain Loss a b s t r a c t Behavior rests on the experience of reinforcement and punishment. It has been unclear whether reinforcement and punishment act as oppositely valenced components of a single behavioral factor, or whether these two kinds of outcomes play fundamentally distinct behavioral roles. To this end, we varied the magnitude of a reward or a penalty experienced following a choice using monetary tokens. The outcome of each trial was independent of the outcome of the previous trial, which enabled us to isolate and study the effect on behavior of each outcome magnitude in single trials. We found that a reward led to a repetition of the previous choice, whereas a penalty led to an avoidance of the previous choice. Surprisingly, the effects of the reward magnitude and the penalty magnitude revealed a pronounced asymmetry. The choice repetition effect of a reward scaled with the magnitude of the reward. In a marked contrast, the avoidance effect of a penalty was flat, not influenced by the magnitude of the penalty. These effects were mechanistically described using a reinforcement learning model after the model was updated to account for the penaltybased asymmetry. The asymmetry in the effects of the reward magnitude and the punishment magnitude was so striking that it is difficult to conceive that one factor is just a weighted or transformed form of the other factor. Instead, the data suggest that rewards and penalties are fundamentally distinct factors in governing behavior.
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Introduction
Reinforcement and punishment constitute Nature's arsenal in guiding behavior (Thorndike, 1898 (Thorndike, , 1911 Skinner, 1963; Tversky & Kahneman, 1986; Davison, 1991; Gray, Stafford, & Tallman, 1991; Ehrlich, 1996; Hackenberg, 2009) . It is well established that reinforcers and punishers both critically influence behavior, but it has been unclear whether these factors exert symmetric or qualitatively distinct behavioral effects (Skinner, 1953; Farley & Fantino, 1978; Gray et al., 1991; Dinsmoor, 1998; Lerman & Vorndran, 2002; Critchfield, Paletz, MacAleese, & Newland, 2003; Lie & Alsop, 2007) . One-factor theories have proposed a symmetric law of effect (Thorndike, 1927) . In this view, reinforcement increases behavior frequency, punishment decreases behavioral frequency, and the magnitudes of these effects are equal, just of opposite signs (Thorndike, 1911; Sidman, 1962; Herrnstein & Hineline, 1966; Schuster & Rachlin, 1968; Rachlin & Herrnstein, 1969; Villiers, 1980) . In contrast, two-factor theories view reinforcement and punishment as qualitatively distinct influences on operant behavior (Mowrer, 1947; Dinsmoor, 1954; Epstein, 1985; Yechiam & Hochman, 2013 
